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FIGURE 1-3 Radiobiological effectiveness, RBB, as a function of linear energy transfer,
LET, in cells of human origin, with cell lethality or mutation at the HGPRT locus as
endpoints (Coll, He88).

for higher-LET values. In general, a given LET predicts the same biological
effect for a given dose if it is produced by particles with different masses and
charges, such as protons, deuterons, or helium ions (Figure 1-3). However,
the concept of LET breaks down, and in the case of very heavy particles
having an atomic number close to that of uranium, anomalous results have
been reported, together with a complex relationship between RBE and
LET (Kr82). There is some evidence that, in the same cell system, higher
RBE values are found for mutation than for cell lethality, even at the same
radiation dose.

Variation of RBE with Dose Rate and Fractionation

For low-LET radiations, the consensus is that decreasing the dose
rate or dividing a given dose into a number of fractions spread over a
period of time reduces the biological effectiveness. In most cases, for high-
LET radiations such as neutrons, the effect of a given dose is relatively
unchanged when the dose rate is lowered or when fractionation is used.
In a few important instances, including neoplastic transformation in vitro,
carcinogenesis in experimental animals, and mutagenesis, dose protraction
by use of a low dose rate or by fractionation actually enhances the biological
effectiveness of a given dose (Figures 1-4, 1-5). The overall conclusion
is that the RBE of high-LET radiations compared with that of low-LET
radiations may be larger for a low dose rate than for a single acute exposure
at a high dose rate.